Pure and Mg doped CaF 2 single crystals grown by the Bridgman method were irradiated with gamma rays (γ-rays) for doses ranging from 97 Gy to 9.72 KGy. The pristine samples showed minimal absorption indicating the purity of the samples. The γ-irradiated pure CaF 2 crystals showed prominent and strong absorption with a peak at~374 nm besides three weak ones at~456, 523 and 623 nm. However γ-rayed Mg doped crystals showed a prominent absorption with a strong peak at~370 nm and a broad one at~530 nm. The absorption indicated the generation of F and F-aggregate centers in the irradiated crystals. The photoluminescence (PL) emission spectrum of both pure and Mg doped crystals showed prominent emission at~390 nm when they were excited at~250 nm. Also, when the samples were excited at 323 and 363 nm strong emissions were observed at~430 and 422 nm respectively. The optical absorption and PL intensities were found to increase with increase in dose.
Introduction
Alkali halide crystals are found to be ideal for optical studies, because of their cubic structure and ionic character. A wide range of potential applications exists for these materials and the development of various new techniques is directly related to the progress in this field. Defect studies in alkali halides have been carried out extensively under various types of irradiation [1] [2] [3] [4] . CaF 2 is a popular fluoride with high thermoluminescent sensitivity and uniform transparency over a wide range from ultraviolet to infrared [5, 6] . There is much interest in crystalline CaF 2 due to its use in dosimetry, besides UV lithography [7] . When CaF 2 crystals are irradiated with high energetic radiations, they give rise to color centers. The presence of color centers can be investigated by different experimental techniques like optical absorption, photoluminescence, thermoluminescence, etc. [8, 9] . Up on irradiation of CaF 2 crystals with X-rays, γ-rays, electron beam and heavy ions interesting changes in optical absorption and luminescence have been reported [10] . Literature reveals extensive studies on CaF 2 using various irradiations. Self-trapped holes and excitons and Frenkel defects are among the well-documented. However, the mechanisms and the evolution of self-trapping and electron-hole interaction during exciton transformation into Frenkel defects are more diverse phenomena. Although the F and M-centers in CaF 2 have properties similar to their analogues in the alkali halides [11] , there are important differences. F-centers in the alkali halides are good electron traps. In crystals containing a large M and F bands ultraviolet exposure ionizes the M-center forming M + and F' centers. Ionized electron centers are not observed in any of the alkaline earth fluorides. The reports on radiation induced changes on Mg doped CaF 2 single crystals are very few. In the present paper, we report the results on changes in optical absorption and photoluminescence of γ-irradiated pure and Mg doped CaF 2 single crystals.
Experimental details
Pure and magnesium (1 mol%) doped CaF 2 single crystals grown by the Bridgman technique were procured from Technical Physics and Prototype Engineering Division (TPPED), Bhabha Atomic Research Center, Mumbai. The crystals were of 10 mm diameter and 20 mm length. CaF 2 crystal slices of~1 mm thickness were cleaved from these crystals. Thus the samples used for the studies were of 10 mm diameter and 1 mm thickness. The crystal slices were polished to high optical transparency. All the slices were annealed at 500°C for 2 hrs. The annealed samples were irradiated with γ-rays from a Co 60 source for doses ranging from 97 Gy to 9.72 KGy at room temperature. The irradiated samples were subjected to optical absorption measurements in the wavelength range 190-900 nm using V-570 UV/VIS/NIR spectrophotometer at room temperature. The PL emission spectra of the samples were recorded at room temperature using a spectrofluoremeter (Jobin Yvon Fluorolog 3) equipped with a 450 W Xenon lamp as the excitation source. The slit width used for recording excitation and emission spectra was 3 nm. 
Results and discussion
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Optics Communications j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / o p tc o m absorption indicating the purity of the samples. The irradiated samples showed a prominent and strong absorption with a peak at 374 nm and three weak ones at~456, 523 and 623 nm. These weak peaks are not resolved for low γ-doses. The absorption of the 374 nm peak was found to increase with increase in γ-dose. However, there was no significant change in peak position and shape with increase in dose. The optical absorption spectra of the pristine and γ-irradiated Mg doped CaF 2 crystals are shown in Fig. 2 . The spectrum showed two prominent and broad absorptions at~370 and 530 nm. The absorption maxima of the peaks were found to increase with increase in γ-dose. It is well established that when CaF 2 crystals are γ-rayed Fcenters are formed at room temperature. γ-irradiation produces free electrons which will be trapped at negative ion vacancies and form the F-centers. Hence the absorption peaks at 370 and 374 nm in pure and Mg doped CaF 2 crystals are attributed to the well studied F-center [10] . Literature reveals that electron irradiated CaF 2 crystals exhibit the fundamental absorption at 375 nm and it is attributed to the Fcenter [11] [12] [13] . Considerable deviations in the coloration spectra are reported for samples studied by different workers depending upon the nature of impurities, crystal growth conditions and other similar varying factors. γ-Rays being highly energetic, seem to dissociate the Frenkel pairs (an interstitial anion coupled with the vacancy it created) when CaF 2 crystals are irradiated with these rays. Due to coulomb attraction, the electron-hole pairs form excitons. CaF 2 is a material with strong electron-phonon coupling in which excitons localize by means of a lattice deformation to form self-trapped excitons (STE). The 456 nm absorption peak is attributed to STE [14] .
The absorption peak at 530 nm in the present study is attributed to the perturbed M-center. The origin of this band can be explained in the following way. In the Mg doped CaF 2 sample, the doped Mg 2+ ions (ionic radius = 0.86 Å) substitute some of the Ca 2+ ions (ionic radius = 1.26 Å) in the CaF 2 lattice. This results in the local elastic deformation in the CaF 2 lattice. As a consequence the absorption peak that arises at 520 nm (in the present case it is at 523 nm) due to the M-center in the regular lattice of pure CaF 2 shifts to 530 nm in the Mg doped one. Since the 530 nm peak arises due to lattice distortion it is referred as the perturbed M-center [15] . The absorption at 623 nm is attributed to the R-center. Thus from the optical absorption measurements of Mg doped CaF 2 single crystals it is observed that, doping of 1 mol% Mg to CaF 2 lattice does not create any new defects, but causes a slight shift in the position of the absorption peak and enhances the optical absorption.
The photoluminescence emission spectrum of pristine and γ-irradiated pure CaF 2 crystals is shown in Fig. 3 . The spectrum shows a strong emission at~393 nm due to excitation at 250 nm. However, when the crystals were excited at 363 nm a strong emission was observed at~422 nm (Fig. 4) . The PL intensity was found to increase with increase in γ-dose. The emission in the pristine samples is minimum. The PL emission spectra of pristine and γ-irradiated Mg doped CaF 2 crystals are shown in Figs. 5 and 6. The PL emission spectra for 246 nm excitation show a prominent emission peak at~390 nm. But when the samples were excited at 323 nm the emission was observed at 430 nm. The PL intensity was found to increase with increase in γ-dose.
The PL emission can be explained in the following way. In CaF 2 , the aggregation of point defects produced by energetic radiations play an important role in the emission and absorption of energy. It is known that irradiation of CaF 2 leads to the formation of F-and F-aggregate centers in it. The PL emission peaks in the wavelength range 390-393 nm are attributed to F-centers in the irradiated CaF 2 crystals [16] . STE plays an important role in defect production. In CaF 2 , STEs are typically formed when a free electron is localized at a self-trapped hole. The resulting excitons can decay radiatively yielding a distinctive luminescence and causing lattice displacements [17] . The PL emission peak at 422 nm is attributed to surface defects like self-trapped excitons (STE) [18] . In CaF 2 doped with Mg, an exciton is trapped due to lattice distortion around the doping-induced anion vacancy. Under γ-irradiation self-trapped excitons and impurity-trapped excitons are 300 400 500 600 700 not cause any significant distortions of the surrounding lattice which might influence the excitonic processes with appreciable efficiency.
Conclusion
The optical absorption studies of pure and Mg doped CaF 2 crystals showed the generation of F-and F-aggregate centers upon γ-irradiation. The PL spectra showed the presence of radiation induced defects in the sample. The increase in optical absorption and PL intensities with γ-dose indicated the effect of γ-irradiation on the samples. The doping of CaF 2 with 1 mol% Mg does not create any new defects that are capable of trapping electronic excitations with appreciable efficiency. However, the Mg doping enhances the optical absorption but decreases the PL intensity of the host lattice. 
